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Table S1. List of echinoid genera discussed in the main text and their respective species with localities and stratigraphy.

Genus

Arbacia Gray, 1835

Arbacina Pomel, 1869

Centrostephanus Peters, 1855

Cidaris Leske, 1778

Species

Arbacia sp.

A. lixula (Linnaeus, 1758)

113 113

A. catenata (Desor in Agassiz and
Desor, 1847a)

113 113

A. romana Merian in Desor, 1858

Centrostephanus sp.
Centrostephanus sp.
C. longispinus (Philippi, 1845)

113 113

Cidaris sp.

REGULAR ECHINOIDS
Sites/Biogeography
Cabo de Gata (Spain)

Livorno (Tuscany, Italy)
Mediterranean Sea

Almeria (Spain)

Seville (Spain)

Betique Region (Spain)

Altavilla (Sicily, Italy)

Anzio (Lazio, Italy)

Favignana Isle (Sicily, Italy)
Palermo (Sicily, Italy)

Spain

Italy

Diolo, Stirone River (Emilia, Italy)
Mediterranean Sea

Mediterranean area

Stratigraphy

Pliocene (Piacenzian)

Late Pleistocene
Recent

Messinian

Messinian

Messinian to Pliocene
Pliocene

Gelasian

Calabrian

Calabrian

Messinian

Pliocene
Piacenzian
Recent

Messinian to Recent

References

L. Hernandez and P. Nicolleau

personal communication

Tortonese (1965)
Tortonese (1965)

Roman and Soudet (1990)

Bajo et al. (2008)

Roman and Soudet (1990)
Checchia Rispoli (1916)
Checchia Rispoli (1923)
Borghi and Garilli (2017)
Checchia Rispoli, 1907)

Roman and Soudet (1990)
Tortonese (1965)

Borghi (2003)
Tortonese (1965)

Neéraudeau et al. (1999)




Diadema Gray, 1825

Echinus Linnaeus, 1758

Eucidaris Pomel, 1883

Genocidaris A. Agassiz, 1869

C. cidaris (Linnaeus, 1758)

C. margaritifera (Meneghini, 1862)

C. remiger Ponzi, 1858

D. setosum (Leske, 1778)

E. algirus Pomel, 1887

Eucidaris sp.

E. desmoulinsi (Sismonda, 1842)

Genocidaris sp.

Pianosa Isle (Tuscany, Italy)
Alicante (Spain)

Favignana Isle (Sicily, Italy)
Stirone River (Emilia, Italy)
Mediterranean area

Emilia, Tuscany, Sicily

Rome

Mediterranean area
North Africa
El Achour, Dely-Brahim (Algeria)

Carboneras (Spain)
Almeria (Spain)

Stirone River (Emilia, Italy)
Favignana Isle (Sicily, Italy)

Mediterranean Sea
Mediterranean area
Orciano (Tuscany, Italy)

Montaldo Roero (Piedmont, Italy),
Campore (Emilia, Italy)

Pianosa Isle (Tuscany, Italy)

Mediterranean area

Piacenzian

Pliocene

Calabrian

Calabrian

Recent

Zanclean to Calabrian

Zanclean

Recent
Messinian

Pliocene

Pliocene

Pliocene

Calabrian

Recent

Messinian

Zanclean

Piacenzian

Piacenzian

Messinian

Simonelli (1889)

Montenat and Roman (1970)
Borghi et al. (2006)

Borghi (1999)

Tortonese (1965)

Meneghini 1862; Borghi 1999, Borghi

etal. 2014

Ponzi 1858; Checchia Rispoli 1919

Por (2009)
Roman and Soudet (1990)
Pomel (1887)

Echinologia (2021)
Echinologia (2021)

personal observation

Tortonese (1965)
Néraudeau et al. (1999)
Borghi (1999)

Borghi (1999)

Simonelli (1889)

Néraudeau et al. (1999)




G. maculata Agassiz, 1869

Gracilechinus
Fell and Pawson, 1966

G. elegans (Duben and Koren,
1844)

G. acutus (Lamarck, 1816)

Histocidaris Mortensen, 1903 Histocidaris sp.

H. rosaria (Bronn, 1831)

H. sicula Borghi, 1999

Paracentrotus Mortensen, 1903  P. lividus (Lamarck, 1816)

113 113

Almeria (Spain)
Campore, Castell’ Arquato, Diolo,

Stirone River, San Polo (Emilia,
Italy)

Capo Milazzo (Sicily, Italy)
Mediterranean Sea

Almeria (Spain)

Spain
Campore, Diolo (Emilia, Italy)

Capo Milazzo. Salice (Sicily, Italy)

Anzio (Lazio, Italy)

Stirone River (Emilia, Italy)
Mediterranean Sea

Almeria (Spain)

Argille Azzurre Fm. of Piedmont,
Emilia, Umbria, Tuscany (Italy)

Rome
Campore (Emilia, Italy)

Capo Milazzo, Salice (Sicily, Italy)

S. Colombano (Lombardy, Italy)

Stirone River (Emilia, Italy)

Zanclean

Piacenzian - Calabrian

Late Pleistocene
Recent

Pliocene

Pliocene “1 and 2”
Piacenzian

late Piacenzian, Gelasian,
Calabrian

Gelasian
Calabrian
Recent

Messinian

Zanclean - Piacenzian

Zanclean
Piacenzian

late Piacenzian, Gelasian,
Calabrian

Calabrian

Calabrian

Echinologia (2021)

Borghi (1995a)

Borghi et al. (2014)
Tortonese (1965)

Echinologia (2021)

Roman and Soudet (1990)

113 113

Borghi et al. (2014)

Checchia Rispoli (1923)
Borghi (1993a)
Tortonese (1965)

Roman and Soudet (1990)

Meneghini (1862); Landi (1929),
Borghi et al. (2014)

Checchia Rispoli (1919)
personal obs. by the authors

Borghi (1999), Borghi et al. (2014)

Airaghi (1898)
Borghi (1995a, 2003)




Placentinechinus
Borghi and Garilli, 2016

Prionocidaris A. Agassiz, 1863

Psammechinus L. Agassiz, 1846

Schizechinus Pomel, 1869

P. davolii Borghi and Garilli, 2016

P. avenionensis
(Des Moulins, 1837)

P. dubius (L. Agassiz, 1840)

113 113

P. tortonicus (Gregory, 1891)

P. astensis Sismonda, 1842

S. serialis Pomel, 1887

Favignana Isle (Sicily, Italy)
Capo Milazzo (Sicily, Italy)
Mediterranean Sea

S. Anna (Calabria, Italy)
Puglia and Sicily (Italy)

Iscala Sale (Sardinia, Italy)

Cagliari (Sardinia, Italy)
Campore (Emilia, Italy)
Spain

North Africa and Spain
Malta

Pianosa Isle (Tuscany, Italy)
Emilia (Italy)

Anzio (Lazio, Italy)
Favignana Isle (Sicily, Italy)
Alicante (Spain)

Melilla (North Africa)
Seville (Spain)

Malta

Almeria (Spain)

Calabrian

Late Pleistocene

Recent

Gelasian
Calabrian

Messinian

Messinian
Piacenzian

Messinian

Messinian

Messinian

Piacenzian

Piacenzian to Calabrian

Gelasian

Calabrian

Messinian

Messinian

Messinian

Messinian

Messinian - Zanclean

Borghi and Garilli (2017)
Borghi et al. (2014)
Tortonese (1965)

Borghi and Garilli (2017)

Cotteau (1895)

Lambert (1907)
personal observation

Montenat and Roman (1970)
Roman and Soudet (1990)

Cappelletti (2008)
Simonelli (1889)

Borghi (2021a)

Checchia Rispoli (1923)
Borghi and Garilli (2017)

Montenat and Roman (1970)
Lachkhem and Roman, 1995)

Bajo et al. (2008)
Cappelletti (2008)

Roman and Soudet (1990)




Sphaerechinus Desor, 1856

Stirechinus Desor, 1856

Stylocidaris Mortensen, 1909

Tripneustes L. Agassiz, 1841

S. melitensis (Wright, 1855)

113 113

T. planus (L. Agassiz in Agassiz
and Desor, 1847b)

113 113

T. gahardensis (Seunes, 1896)

Diolo, Campore
Campore (Emilia, Italy)

Anzio (Lazio, Italy)

S. Colombano (Lombardy, Italy)
Emilia, Puglia, Sicily (Italy)
Stirone River (Emilia, Italy)
Favignana Isle (Sicily, Italy)
Mediterranean Sea

France
Malta

Capo Milazzo, Salice (Sicily, Italy)

Carboneras (Spain)

Stirone River (Emilia, Italy)
Mediterranean Sea

Malta

Alicante (Spain)

Almeria (Spain)

Melilla, North Africa

Spain

Piacenzian
Gelasian

Gelasian
Calabrian
Calabrian

Calabrian

Calabrian
Recent

late Miocene
Messinian

late Piacenzian, Gelasian,
Calabrian

Pliocene

Calabrian
Recent

Messinian
Messinian

Messinian

Piacenzian

Pliocene “1”

personal observation

Checchia Rispoli (1923)
Airaghi (1898)
Borghi et al. (2018)

Borghi (2003)
Borghi and Garilli (2017)

Tortonese (1965)

Smith and Kroh (2011)

Borghi et al. (2014)

Echinologia (2021)
Borghi (1999)

Tortonese (1965)
Stefanini (1908)
Echinologia (2021)

Roman and Soudet (1990)

Lachkhem and Roman (1995)

Roman and Soudet (1990)




Genus

Amblypygus L. Agassiz, 1840

Amphiope L. Agassiz, 1840

Brissopsis L. Agassiz, 1840

Brissus Gray, 1825

Species
A.arnoldi L. Agassiz (1841)
A. lorioli Simonelli, 1889

13 13

Amphiope sp.

A. tipasensis (Aymé and Roman,
1954)

B. lyrifera (Forbes, 1841)

IRREGULAR ECHINOIDS
Sites/Biogeography

Siena (Tuscany, Italy)

Algeria

Pianosa Isle (Tuscany, Italy)

Cagliari (Sardinia, Italy)

Algeria

Almeria (Spain)

Rome

Melilla, North Africa
Emilia (Italy)

Anzio (Lazio, Italy)
Mediterranean Sea
Almeria (Spain)
Emilia (Italy)
Mediterranean Sea
Melilla, North Africa
Almeria (Spain)
Pianosa Isle (Tuscany, Italy)

San Polo d’Enza (Emilia, Italy)

Stratigraphy
Piacenzian

Messinian
Piacenzian

Messinian

Pliocene

Messinian (pre- and
during the MSC)

Zanclean

Piacenzian

Zanclean to Calabrian
Gelasian

Recent

Messinian

Piacenzian to Calabrian
Recent

Messinian

Messinian - Pliocene
Piacenzian

Calabrian

References
L. Agassiz (1841)
Roman and Saint Martin (1987)

Simonelli (1889)

Stara and Borghi (2014)
Aymé and Roman (1954)

Lacour and Néraudeau (2000)

Checchia Rispoli (1919)
Lachkhem and Roman (1995)
Borghi (1997a)

Checchia Rispoli (1923)
Tortonese (1965)

Lacour and Néraudeau (2000)
Borghi (1997a)

Tortonese (1965)

Lachkhem and Roman (1995)
Roman and Soudet (1990)

Simonelli (1889)

personal observation




Clypeaster Lamarck, 1801

Echinocardium Gray, 1825

C. altus (Leske, 1778)

113 113

C. marginatus Lamarck, 1816

113 113

C. altus (Leske, 1778)

E. flavescens (Muller, 1776)

E. depressum (L. Agassiz in
Agassiz and Desor, 1847a)

E. mediterraneum (Forbes, 1841)
E. mortenseni Thiéry, 1909

E. melii Checchia Rispoli, 1923

Favignana Isle (Sicily, Italy)
Mediterranean Sea

Almeria (Spain)

Malta

Melilla, North Africa
Almeria (Spain)

Almeria (Spain)

Malta

Tuscany (Italy)

Almeria (Spain)

Anzio (Lazio, Italy)

Emilia (Italy)

Favignana Isle (Sicily, Italy)
Mediterranean Sea

Seville (Spain)

Mediterranean Sea
Mediterranean Sea
Anzio (Lazio, Italy)
Emilia (Italy)

Favignana Isle (Sicily, Italy)

Calabrian

Recent

Messinian - Pliocene

Messinian

Messinian

Messinian

Messinian - Pliocene

Messinian

Pliocene

Pliocene

Gelasian

Calabrian

Calabrian

Recent

Messinian

Recent

Recent

Gelasian

Calabrian

Calabrian

Borghi et al. (2006)
Tortonese (1965)

Roman and Soudet (1990)
Cappelletti (2008)

Lachkhem and Roman (1995)
Rose and Wood (1999)
Roman and Soudet (1990)
Cappelletti (2008)

Esu and Kotsakis (1981)

Roman and Soudet (1990)
Checchia Rispoli (1923)

Borghi (1997b)
Borghi et al. (2006)
Tortonese (1965)

Bajo et al. (2008)

Tortonese (1965)
Tortonese (1965)
Checchia Rispoli, 1923
Borghi (1997b)

Borghi et al. (2006)




Echinocyamus Phelsum, 1774

Echinolampas Gray, 1825

E. pusillus (Muller, 1776)

E. deshayesi Desor in Agassiz and

Desor, 1847a

E. hoffmanni Desor in Agassiz and

Desor, 1847a

E. manzonii Pomel, 1883

113 113

E. wrighti Gregory, 1891

113 13

Melilla, North Africa
Alicante (Spain)

Piedmont, Liguria (Italy)
Almeria (Spain)

Emilia (Italy)

Pianosa Isle (Tuscany, Italy)
Anzio (Lazio, Italy)
Favignana Isle (Sicily, Italy)
Capo Milazzo (Sicily, Italy)
Mediterranean Sea

Almeria (Spain)

Melilla, North Africa

Spain
Rhodes Island (Greece)

Pianosa Isle (Tuscany, Italy)
Favignana Isle (Sicily, Italy)
Almeria (Spain)

Murcia (Spain)

Malta

Almeria (Spain)

Messinian

Messinian

Zanclean - Piacenzian
Pliocene

Pliocene - Pleistocene
Piacenzian

Gelasian

Calabrian

Late Pleistocene
Recent

Messinian - Pliocene

Messinian

Zanclean
Piacenzian, Calabrian

Piacenzian
Calabrian
Messinian
Piacenzian
Messinian

Pliocene

Lachkhem and Roman (1995)

Montenat and Roman (1970)
Airaghi (1901)

Roman and Soudet (1990)
Borghi (1993b)

Simonelli (1889)

Checchia Rispoli (1923)
Borghi et al. (2006)

Borghi et al. (2014)
Tortonese (1965)

Roman and Soudet (1990)

Lachkhem and Roman (1995)

Echinologia (2021)

Simonelli (1889)

Borghi et al. (2006)
Roman and Soudet (1990)
Echinologia (2021)
Cappelletti (2008)

Roman and Soudet (1990)




Echinoneus Leske, 1778

Granopatagus Lambert, 1915

Hypsoclypus Pomel, 1869

Holanthus Lambert and Thiéry,
1925

Holaster L. Agassiz, 1836

Mazettia Lambert and Thiéry in
Lambert, 1915

E. cyclostomus Leske, 1778

113 13

G. subinermis (Pomel, 1887)

H. doma Pomel, 1887
H. lata Pomel, 1887
H. pouyannei Pomel, 1887

13 13

Holanthus sp.

H. ovatus (Sismonda, 1842)

113 13

H. expergitus (Loven, 1874)

Holaster sp.

Maretia pareti Manzoni, 1879

Malta

Cabo Cope (Spain)

Algeria

Almeria (Spain)

Pianosa Isle (Tuscany, Italy)
Anzio (Lazio, Italy)

Emilia (Italy)

Favignana Isle (Sicily, Italy)
Mediterranean Sea

Almeria (Spain)

Melilla, North Africa
Mediterranean area
Pomarance (Tuscany, Italy)

Mediterranean area

Rome

Capo Milazzo, Salice (Sicily, Italy)

Piedmont, Emilia (Italy)
Mediterranean Sea
Piedmont, Emilia (Italy)

Emilia (Italy)

Messinian

Piacenzian

late Miocene - Pliocene

Pliocene
Piacenzian
Gelasian
Calabrian
Calabrian
Recent

Messinian

Messinian
Messinian - Pliocene
Piacenzian

Messinian

Zanclean

late Piacenzian, Gelasian,
Calabrian
Zanclean - Piacenzian

Recent
Messinian

Zanclean

Challis (1980)

pers. comm. D. Garcia Ramos

Pomel (1887)
Roman and Soudet (1990)

Simonelli (1889)
Checchia Rispoli (1923)
Néraudeau et al. (1998)
Borghi et al. (2006)
Tortonese (1965)

Roman and Soudet (1990)
Lachkhem and Roman (1995)

Néraudeau et al. (2001)
Borghi and Ciappelli (2014)

Néraudeau et al. (2001)

Checchia Rispoli (1919)

Borghi et al. (2014)

Tortonese (1965)

personal observation

Borghi et al. (in press)




Neolampas A. Agassiz, 1869
Opissaster Pomel, 1883

Ova Gray, 1825

Peribrissus Pomel, 1869

Plagiobrissus Pomel, 1883

N. rostellata A. Agassiz, 1869
0. polygonalis Pomel, 1869
O. insignis Pomel, 1887

O. jourdyi (Cotteau, Peron and
Gauthier, 1891)

O. canalifera (Lamarck, 1816)

O. saheliensis (Pomel, 1887)

113 13

P. saheliensis Pomel, 1869

113 113

P. sotgiai Di Giorgio, 1923
P. imbricatus (Wright, 1855)
P. costae (Gasco, 1876)

Mediterranean Sea
Algeria
Oran (Algeria)

Algeria

Spain

Almeria (Spain)
Emilia (Italy)
Mediterranean Sea
Mediterranean area

Melilla, North Africa

Algeria
Algeria
Sardinia (Italy)

Malta
Melilla (North Africa)

Seville (Spain)
Almeria (Spain)
Stirone River (Emilia, Italy)

Mediterranean Sea

Recent
Pliocene

Messinian - Pliocene

Pliocene

Zanclean to Piacenzian,

Pliocene

Piacenzian to Calabrian
Recent

late Miocene to Pliocene

Messinian

Miocene

Messinian - Pliocene “1”
late Miocene

Messinian

Messinian
Messinian
Zanclean - Piacenzian
Calabrian

Recent

Tortonese (1965)
Pomel (1869)

Cotteau et al. (1891), Néraudeau
(1994)

Cotteau et al. (1891)

Roman and Soudet (1990)
Echinologia (2021)

Borghi (2021b)
Tortonese (1965)
Smith and Kroh (2011)

Lachkhem and Roman (1995),
Néraudeau et al. (2001)

Pomel (1869)
Néraudeau et al. (2001)

Di Giorgio (1923)

Cappelletti (2008)

Lachkhem and Roman (1995)
Bajo et al. (2008)

Roman and Soudet (1990)
Borghi (1993¢)

Tortonese (1965)




Pliolampas Pomel, 1888

Schizaster L. Agassiz, 1836

Schizobrissus Pomel, 1869

Sardospatangus Stara,
Cherbonnier and Borghi, 2018

Spatangus Gray, 1825

P. aff medfensis

P. vassalli (Wright, 1855)

S. eurynotus (L. Agassiz in Agassiz
and Desor, 1847b)

S. lovisatoi Cotteau, 1895

S. braidensis Botto Micca, 1896

Schizobrissus sp.

S. cruciata (L. Agassiz in Agassiz
and Desor, 1847b)

S. pustulosus (Wright, 1864)

S. saheliensis (Pomel, 1887)

S. rovasendai (Airaghi, 1901)

S. purpureus (Muller, 1776)

Mediterranean area

Albacete (Spain)

Seville (Spain)

Almeria (Spain)
Piedmont, Liguria (Italy)
Emilia (Italy)

Capo Milazzo, Salice (Sicily, Italy)

Mediterranean area

Melilla (North Africa)

Malta

Almeria (Spain)

Melilla (North Africa)
North Africa

Pecetto (Piedmont, Italy)
Seville (Spain)

Almeria (Spain)
Andalusia (Spain)

Pianosa Isle (Tuscany, Italy)

Messinian

Pliocene

Messinian

Messinian
Zanclean - Piacenzian
Zanclean - Piacenzian

late Piacenzian to
Calabrian

Messinian-Pliocene

Messinian

Messinian

Messinian to Pliocene
Messinian

Messinian - Pliocene
Pliocene

Messinian

Zanclean - Piacenzian
Piacenzian

Piacenzian

Roman and Soudet (1990), Néraudeau

etal. (2001)
Echinologia (2021)

Bajo et al. (2008)

Roman and Soudet (1990)
Airaghi (1901)
Borghi (2021b)

Borghi et al. (2014)

Néraudeau et al. (2001)
Lachkhem and Roman (1995)

Stefanini (1908)

Roman and Soudet (1990)
Lachkhem and Roman (1995)
Néraudeau et al. (2001)
Airaghi (1901)

Bajo et al. (2008)

Roman and Soudet (1990)
Echinologia (2021)

Simonelli (1889)




Emilia (Italy) Calabrian Neéraudeau et al. (1998)

Anzio (Lazio, Italy) Gelasian Checchia Rispoli, 1923
Favignana Isle (Sicily, Italy) Calabrian Borghi and Garilli (2017)
Mediterranean Sea Recent Tortonese (1965)
Spatangus sp. Puglia, Tuscany (Italy) Pliocene Stara et al. (2018)
Ostia (Rome, Italy) Holocene
Trachyaster Pomel, 1869 T. globulus Pomel, 1869 Mediterranean area Messinian Néraudeau et al. (2001)
Algeria Pliocene Smith and Kroh (2011)
Trachypatagus Pomel, 1869 T. oranesis Pomel, 1869 Melilla (North Africa) Messinian Lachkhem and Roman (1995)
North Africa Messinian Néraudeau et al. (2001)
Almeria (Spain) Zanclean - Piacenzian Roman and Soudet (1990)
T. gouini Pomel, 1887 Algeria Pliocene Pomel (1887)

REFERENCES

Agassiz, A. 1863. List of the Echinoderms sent to different Institutions in Exchange for other Specimens, with Annotations. Bulletin of the Museum
of Comparative Zo6logy at Harvard College, 1(2), 17-28.

Agassiz, A. 1869. Preliminary Report on the Echini and Starfishes dredged in deep water between Cuba and the Florida Reef, by L. F. de Pourtales,
Assist. U.S. Coast Survey. Bulletin of the Museum of Comparative Zodlogy at Harvard College, 1(9), 253-308.

Agassiz, L. 1836. Prodrome d’une monographie des Radiaires ou Echinodermes. Mémoires de la Société des Sciences Naturelles de Neuchatel, 1,
168—-199.

Agassiz, L. 1840. Catalogus systematicus Ectyporum Echinodermatum fossilium Musei Neocomiensis, secundum ordinem zoologicum dispositus;
adjectis synonymis recentioribus, nec non stratis et locis in quibus reperiuntur. Sequuntur characteres diagnostici generum novorum vel minus
cognitorum. Petitpierre, Neuchatel, 20 pp.

Agassiz, L. 1841. Monographies d’Echinodermes vivants et fossiles. Echinites. Famille des Clypéasteroides. Seconde Monographie. Des Scutelles.
Neuchatel (Petitpierre), 149 pp.



Agassiz, L. and Desor, P.J. 1847a. Catalogue raisonné des espéces, des genres, et des familles d’échinides. Annales des Sciences Naturelles,
Troisieme Série, Zoologie, 7, 129-168.

Agassiz, L. and Desor, P.J. 1847b. Catalogue raisonné des espéces, des genres, et des familles d’échinides. Annales des Sciences Naturelles,
Troisieme Série, Zoologie, 8, 5-35, 355-380.

Airaghi, C. 1898. Echinidi del Pliocene Lombardo. Atti della Societa. Italiana di Scienze Naturali, Museo Civico di Storia Naturale di Milano, 37,
357-3717.

Airaghi, C. 1901. Echinidi terziari del Piemonte e della Liguria. Palacontographia Italica., 7, 22—126.

Aymé J.M. and Roman, J. 1954. Découverte d’une nouvelle espece d’ Amphiope dans le Pliocéne des environs d’Alger. Publication du service de la
Carte Geéologique de I’Algérie (Nouvelle Série), Travaux des Collaborateurs, 2, 165-172.

Bajo, 1., Rico Garcia, A., Cardenas Carretero, J., Maestre, V. and Borghi, E. 2008. Asociacion de equinoideos en las calcarenitas messinienses de
Guadaira (Sevilla, SO Espana). Geogaceta, 45, 55-58.

Borghi, E. 1993a. Echinus acutus Lamarck, 1816 nel Pliocene e Pleistocene dell’Emilia. Notiziario della Societa Reggiana di Scienze Naturali,
13(3), 1-12.

Borghi, E. 1993b. Echinocyamus pusillus (Miiller, 1776) nel Pliocene e Pleistocene dell’Emilia. Notiziario della Societa Reggiana di Scienze
Naturali, 13(4), 1-28.

Borghi, E. 1993c. Un echinide attuale rinvenuto allo stato fossile: Plagiobrissus (Rhabdobrissus) costai (Gasco, 1876). Notiziario della Societa
Reggiana di Scienze Naturali, 13(1), 1-6.

Borghi, E. 1995a. Segnalazione di una nuova forma affine al Genocidaris maculata A. Agassiz, 1869. Bibliotheca (1995), Tip.Le.Co.Ed., Piacenza,
1-14.

Borghi, E. 1995b. Paracentrotus lividus (Lamarck, 1816) nel Pleistocene dell’Emilia. Notiziario della Societa Reggiana di Scienze Naturali, 15(1),
1-23.

Borghi, E. 1997a. Il genere Brissopsis nel Plio-Pleistocene dell’Emilia. Notiziario della Societa Reggiana di Scienze Naturali, 17(1), 1-20.

Borghi, E. 1997b. Il genere Echinocardium nel Plio-Pleistocene dell’Emilia. Notiziario della Societa Reggiana di Scienze Naturali, 17(2), 1-23.

Borghi, E. 1999. Echinodermi fossili dell’Emilia: i Cidaridi del Plio-Pleistocene. Parva Naturalia, 1, 105-120.

Borghi, E. 2003. Osservazioni su alcuni Echinodermi del Plio-Pleistocene dell’Emilia. Parva Naturalia (2002-2003), 109—128.

Borghi, E. 2021a. Il genere Psammechinus (Echinoidea) nel Plio-Pleistocene dell’Emilia. Notiziario della Societa Reggiana di Scienze Naturali
(2020), 2—-13.

Borghi, E. 2021b. Gli schizasteridi (Echinoidea) del Plio-Pleistocene dell’Emilia. Notiziario della Societa Reggiana di Scienze Naturali (2020), 20—
38.

Borghi, E., Bajo, I. and Rico Garcia, A. 2006. Arbacina romana (Merian, 1858) from the lower Pleistocene of Favignana Island (Sicily). Parva
Naturalia (2005-20006), 7, 47-71.



Borghi, E. and Ciappelli, F. 2014. Prima segnalazione del genere Hypsoclypus (Echinoidea) nel Pliocene italiano. Notiziario della Societa Reggiana
di Scienze Naturali (2013-2014), 9-18.

Borghi, E., Garilli, V. and Bonomo, S. 2014. Plio-Pleistocene Mediterranean bathyal echinoids: evidence of adaptation to psychrospheric conditions
and affinities with Atlantic assemblages. Paleontologia Electronica, PE 17.3.44A, 1-26.

Borghi, E. and Garilli, V. 2017. A new subtropical-temperate brooding echinoid with no marsupium: the first Mediterranean and the last European
Temnopleuridae from the early Pleistocene of Italy, Journal of Systematic Palacontoogy, 15(4), 313—337. Published on line: 08 June 2016.

Borghi, E., Bajo, I. and Gatt, M. 2018. Il genere Schizechinus Pomel, 1869 (Echinoidea) nel Pleistocene dell’Emilia. Notiziario della Societa
Reggiana di Scienze Naturali, 13, 1-22.

Borghi, E., Rondelli, R. and Magnani, S. (in press). First record of the Mazettia genus (Echinoidea) in the Pliocene. Atti della Societa dei Naturalisti
e Matematici di Modena.

Botto Micca, L. 1896. Contribuzione allo studio degli Echinidi Terziarii del Piemonte (famiglia Spatangidi). Bollettino della Societa Geologica
Italiana, 15, 341-375.

Bronn, H.G. 1831. Ubersicht der Fossilen Uberreste in den tertidren subappeninischen Gebirgen. Italiens Tertidr-Gebilde und deren organische
Einschliisse. Karl Groos, Heidelberg, xii+176 pp.

Cappelletti, E. 2008. Gli Echinoidi miocenici dell'Arcipelago Maltese: studio sistematico ed affinita biogeografia. Facolta di Scienze Geologiche,
sistema ETD (Electronic Theses and dissertations) N. 213848. Universita di Pisa, 225 pp.

Challis, G.R. 1980. Palacoecology and Taxonomy of Mid Tertiary Maltese echinoids. Ph.D. Thesis (unpublished), Department of Geology, Bedford
College, University of London, 401 pp.

Checchia Rispoli, G. 1907. Gli echinidi viventi e fossili della Sicilia. Parte 2: gli Echinidi del piano Siciliano dei dintorni di Palermo.
Palacontographia Italica, 13, 199-231.

Checchia Rispoli, G. 1916. Gli echinidi fossili e viventi della Sicilia. Parte 4: Echinidi pliocenici. Palacontographia Italica, 22, 229-242.

Checchia Rispoli, G. 1919. Su alcuni Rhabdocidaris ed in particolar modo sul Rhabdocidaris remiger (Ponzi) del Monte Vaticano (Roma).
Bollettino della Societa Geologica Italiana, 37(1), (1918), 71-81.

Checchia Rispoli, G. 1923. Gli echinidi del pliocene di Anzio. Memorie per Servire alla Descrizione della Carta Geologica Italiana, 9, 1-29.

COTTEAU, G. 1895. Description des Echinides recueillis par M. Lovisato dans le Miocéne de la Sardaigne. Mémoires de la Société Géologique de
France, Paléontologie, 13, 5-56.

Cotteau, G., Peron, A. and Gauthier, V. 1891. Echinides fossiles de 1’ Algérie, 10e fasc.; Etages Miocéne et Pliocéne. Paris (G. Masson), 273 pp.

Des Moulins, C. 1837. Troisiéme Mémoire sur les Echinides. Synonymie générale. Actes de la Société Linnéenne de Bordeaux, 9(6), 45-364.

Desor, P.J. 1855-1858. Synopsis des échinides fossiles. Reinwald, Paris, ixviii+490 pp.

Di Giorgio, A. 1923. Echinidi Miocenici della Sardegna. Atti della Societa Toscana di Scienze Naturali, Pisa, 35, 116-130.

Duben, M.W. Von and Koren, J. 1846. Ofversigt af Skandinaviens Echinodermer [Overview of Scandinavian Echinodermata]. Kungl. Svenska
Vetenskapsakademiens Handlingar (1844), 229-328.



Echinologia 2021. World Wide Web electronic publication. Accessed on May, 2021 at http://www.echinologia.com/galeries/galeriesS.htm

Esu, D. and Kotsakis, T. 1981. Osservazioni su un Clypeaster (Echinodermata) pliocenico figurato da M. Mercati. Atti dell’Accademia Nazionale
dei Lincei. Classe. Scienze Fisiche, Matematiche. Naturali. Rendiconti dei Lincei, Serie 8, 71, 183—190.

Fell, H.B. and Pawson, D.L. 1966. Echinacea. In MOORE, R. C. (Ed.), Treatise on Invertebrate Paleontology. U. Echinodermata. 3(2), Boulder and
Lawrence, Geological Society of America and University Kansas Press, U367-U440.

Forbes, E. 1841. A history of British starfishes and other animals of the Class Echinodermata, xx+267 pp.

Gasco, F. 1876. Descrizione di alcuni echinodermi nuovi o per la prima volta trovati nel Mediterraneo. Rendiconti della Reale Accademia delle
Scienze Fisiche e Matematiche di Napoli, 15(2), 1-13.

Gray, J.E. 1825. An attempt to divide the Echinida, or sea eggs, into natural families. Annals of Philosophy, new series, 10, 423-431.

Gregory, J.W. 1891. The Maltese fossil Echinoidea and their evidence on the correlation of the Maltese rocks. Transactions of the Royal Society of
Edinburgh, 36, 585-639.

Lachkhem, H. and Roman, J. 1995. Les echinoides irréguliers (Neognathostomes et spatangoides) du Messinien de Melilla (Maroc septentrional).
Annales de Paléontologie, 81, 247-278.

Lacour, D. and Néraudeau, D. 2000. Evolution de la diversité des Brissopsis (Echinoida, Spatangoida) en Méditerranée depuis la crise messénien:
application paléoécologique aux B. lyrifera intragypses de Sorbas (SE Espagne). Geodiversitas, 22(4), 509-523.

Lamarck, J.B. De 1801. Systéme des animaux sans vertebres, ou tableau général des classes, des ordres et des genres de ces animaux [...],
Deterville, Paris, viii+432 pp.

Lamarck, J.B. De 1816. Histoire Naturelle des Animaux sans Vertebres, présentant les caractéres généraux et particuliers de ces animaux, leur
distribution, leur classes, leurs familles, leurs généres, et le citation des principales especes qui s’y rapportent; précédée d’une Introduction
offrant la Détermination des caractéres essentiels de 1’animal, sa distinction du végétal et des autres corps naturels, enfin, I’Exposition des
Principes fondamentaux de la Zoologie. Tome Troisieéme, Verdiere, Paris, 586 pp.

Lambert, J., 1907. Description des échinides fossiles des terrains miocéniques de la Sardaigne. Mémoires de la Société Paléontologique Suisse, 34,
1-72.

Lambert, J. 1915. Description des échinides des terrains néogénes du bassin Rhone. fasc.4. Mémoires de la Société Paléontologique Suisse, 41,
155-240.

Lambert, J. and Thiéry, P. 1925. Essai de Nomenclature Raisonnée des Echinides. Ferriére, Chaumont, fasc. 7-8, 513—607.

Landi, M. 1929. Gli echinidi neogenici di Montegibbio. Giornale di Geologia, 4, 3-22. Bologna.

Linnaeus, C. 1758. Systema Natura per Regna tria Natura, secundum Classes, Ordines, Genera, Species, cum characteribus, differentiis,
synonymis, locis. Editio 10, Reformata, Tomus I. Laurentii Salvii, Holmiz, 824 pp.

Lovén, S. 1874. Etudes sur les échinoidées. Kongelige Svenska Vetenskaps-Akademiens Handlingar, 11, 1-91.

Manzoni, A. 1879. Gli echinodemi fossili dello Schlier delle colline di Bologna. Denkschriften der kaiserlichen Akademieder Wissenschaften,
mathematisch-naturwissenschaftliche, Classe 39, 149-164.



Meneghini, G. 1862. Studi sugli Echinodermi fossili neogenici di Toscana, in Lazzeri, L. (Ed.), Siena e il suo Territorio. Tipografia del Regio
Istituto dei Sordo-Muti, Siena, 61-89.

Montenat, C. and Roman, J. 1970. Echinides Néogénes d’Espagne (Provinces d’Alicante et de Murcie). Annales de Paléontologie, 56(1), 89—138.

Mortensen, T. 1903. The Danish Ingolf-Expedition. Vol. 4. Echinoidea (part 1). Copenhagen, 193 pp.

Mortensen, T. 1909. Die Echinoiden der Deutschen Stidpolar-Expedition 1901-1903. In DRYGALSKI, E. V. (Ed.), Deutsche Stidpolar-Expedition
1901-1903 im Auftrage des Reichsamtes des Innern. XI. Zoologie I11. Heft I. Georg Reimer, Berlin, 114 pp.

Miiller, O.F. 1776. Zoologiz Danice Prodromus, seu Animalium Daniz et Norvegie indigenarum Characteres, Nomina, et Synonyma Imprimis
Popularium. Typis Hallageriis, Havniz, xxxii+282 pp.

Néraudeau, D. 1994. Hemiasterid echinoids (Echinodermata: Spatangoida) from the Cretaceous Tethys to the present-day Mediterranean.
Palaeogeography, Palaeoclimatology, Palaeoecology, 110, 319-344.

Néraudeau, D., Borghi, E. and Roman, J. 1998. Le genre d’échinidé Spatangus dans les localités du Pliocéne et du Pléistocéne d’Emilie (Italie du
Nord). Annales de Paléontologie, 84(3-4), 243-264.

Néraudeau, D., Roman, J. and Borghi, E. 1999. Impact of the Messinian crisis on the Mediterranean echinoid fauna, pp. 355-360. In Candia
Carnevali, M.D. and Bonasoro, F. (Eds), Proceedings of the 5" European Conference on Echinoderms, Milan, Italy, 7-12 September 1998.

Néraudeau, D., Goubert, E., Lacour, D. and Rouchy, J.M. 2001. Changing biodiversity of Mediterranean irregular echinoids from the Messinian to
the Present-day. Palaeogeography, Palaeoclimatology, Palaeoecology, 175, 43-60.

Pennant, T. 1777. British Zoology. Crustacea, Mollusca, Testacea. 4 vols., 136 pp.

Peters, W.K. 1855. Uber die an der Kuste von Mossambique beobachten Seeigel und insbesondere iiber die Gruppe von Diademen. Abhandlungen
der Koenig Akademie der Wissenschaften Berlin (1854), 109 pp.

Philippi, R. A. 1845. Beschreibung einiger neuer Echinodermen nebst kritischen Bemerkungen iiber einige weniger bekannte Arten. Archiv flr
Naturgeschichte, 11(1), 344-359.

Pomel, A. 1869. Revue des Echinodermes et de leur classification pour servir d’introduction a 1’étude des fossiles. Deyrolle, Paris, 67 pp.

Pomel, A. 1883. Classification méthodique et Genera des Echinides vivante et fossiles. Théses présentées a la Faculté des Sciences de Paris pour
obtenir le Grade de Docteur ¢s Sciences Naturelles, Aldolphe Jourdan, Alger, 503, 131 pp.

Pomel, A. 1887. Paléontologie ou descriptions des animaux fossiles de 1’Algérie. Zoophytes 2° Fascicule: Echinodermes 2° Livraison. Imprimerie
de I’ Association Ouvriere, P. Fontana et Cie, Alger, 344 pp.

Pomel, A. 1888. Notes d’Echinologie synonymique. Bulletin de la Société Géologique de France, Série 3(16), 441-453.

Pomel G. 1858. Note sur les diverses zones de la formation pliocéne des environs de Rome. Bulletin de la Société Géologique de France, 2 séries,
15, 374-375.

Por, F.D. 2009. Tethys returns to the Mediterranean: Success and limits of tropical re-colonization. In Krupp, F., Musselman, J.L. and Kotb,
M.M.A., Weidig, 1. (Eds). Environment, Biodiversity and Conservation in the Middle East. Proceedings of the First Middle Eastern Biodiversity
Congress, Aqgaba, Jordan, 20-23 October 2008. Bio Risk, 3, 5-19.



Roman, J. and Saint-Martin, J. 1987. Echinoneus lorioli, rare échinoide (holectypoide) récifal dans le Messinien (Miocéne) d'Oranie (Algérie).
Actes 112° Congrés national des Sociétés Savantes, Lyon, 2, 15-25.

Roman, J. and Soudet, H.J. 1990. Les échinides du Néogene récent bétique. Documents Travailles de IGAL, Paris, 12—13, 53-56.

Rose, E.P.F. and Wood, J. 1999. Clypeaster and Echinolampas (Echinoidea: Irregularia) from Neogene basins of south-east Spain, and the
Mediterranean Messinian "salinity crisis". Echinoderm Research. (Candia Carnevali and Bonasoro Eds.), Rotterdam, 377-382.

Seunes, M. 1896. Note sur quelques Echinides des faluns miocénes de la Bretagne. Bulletin de la Société des Sciences et Médecine de 1’Ouest, 5(2),
82-89.

Simonelli, V. 1889. Terreni e fossili dell’isola di Pianosa nel mar Tirreno. Bollettino del Regio Comitato Geologico. Italiano, serie 2, 10, 193-237.

Sismonda, E. 1842. Appendice alla Monografia degli Echinidi Fossili del Piemonte. Memoria della Reale Accademia della Scienze di Torino, Serie
2(4), 385-394.

Smith, A.B. and Kroh, A. (Eds.) 2011. The Echinoid Directory. World Wide Web electronic publication. http://www.nhm.ac.uk/research-
curation/projects/echinoid-directory (accessed April 2021).

Stara, P. and Borghi, E. 2014. The echinoid genus Amphiope L. Agassiz, 1840 (Echinoidea, Astriclypeidae) in the Oligo-Miocene of Sardinia
(Ttaly). Biodiversity Journal, 2014, 5(1), 245-268.

Stara, P., Charbonnier, S. and Borghi, E. 2018. Redefinition of Prospatangus thieryi Lambert, 1909 (Echinoidea, Spatangoida), in Sardospatangus
nov. gen. with two new species from Sardinia, Italy. Annales de Paléontologie, 104 (2018), 309-327.

Stefanini, G. 1908. Echini miocenici di Malta esistenti nel Museo di Geologia di Firenze. Bollettino della Societa Geologica, Italiana, 27, 435-483.

Thiéry, P. 1909. Rectifications de nomenclature. Revue critique de paléozoologie, 13, 136—137.

Tortonese, E. 1965. Fauna d’Italia. Echinodermata. Calderini, Bologna, 422 pp.

Phelsum, M., Van 1774. Brief aan den wel-eerwaardigen en zeer geleerden heere Cornelius Nozeman ... over de gewelv-slekken of zee-egelen :
waar achter gevoegd zyn twee beschryvingen, de eene van zekere soort van zee-wier, de andere van maaden, in eene vuile verzweeringe
gevonden. R. Arrenberg, Rotterdam, 145 pp.

Wright, T.W. 1855. On Fossil Echinoderms from the Island of Malta; with notes on the stratigraphical distribution of the Fossil Organisms in the
Maltese beds. The Annals and Magazine of Natural History, 2nd Series, 15, 101-127, 175-196, 262-277.

Wright, T.W. 1864. On the fossil Echinide of Malta. With additional notes on the Miocene beds of the Island, and the stratigraphical distribution of
the species therein; by A. Leith Adams. Quarterly Journal of the Geological Society of London, 20, 471-491.



TABLE S2. Quantitative data on bathymetrical distribution of shelf-preferring/exclusive echinoid genera that still live or lived in Mediterranean
during the late Caenozoic. Number of records and relative percentages are from the centennial data set collected by OBIS (2021) available at
https://obis.org.

Echinoid 0-50 m 50-100 m 100-200 m 200-4000 m TOT records
genera/depth records % records % records % records %
Arbacia 358 89,5 42 10,5 - - - - 400
Brissus 35 97,22 1 2,77 - - - - 36
Centrostephanus 5125 99,67 17 0,33 - - - - 5142
Clypeaster 1014 61,3 282 17,05 141 8,54 217 13,11 1654
Diadema 8931 99,23 69 0,77 - - - - 9000
Echinocardium 783 93,77 23 2,75 2 0,24 27 3,23 835
Echinolampas 5 13,51 29 78,38 2 5,4 1 2,7 37
Echinoneus 17 85 3 15 - - - = 20
Eucidaris 283 81,62 630 18,18 - 0,19 203 - 1116
Genocidaris 844 21,05 188 78,95 2 - - - 1034
Ova 8 33,33 30 66,66 - - - - 38
Echinus 2 25,36 4 56,45 - - - 18,19 6
Paracentrotus 5 100 - - - - - - 5
Plagiobrissus 18 94,74 1 5,26 - - - - 19
Prionocidaris 16 17,58 53 58,24 22 24,17 - - 91
Psammechinus 3771 89,13 445 10,52 15 - - 0,35 4231
Schizaster 8 61,54 2 15,38 2 15,38 1 7,69 13
Sphaerechinus 114 42,54 152 56,72 2 0,74 - - 268
Stylocidaris 21 7,39 188 66,2 38 13,38 37 13,03 284
Tripneustes 906 100 - - - - - - 906




TABLE S3. Average annual sea surface temperatures (SSTs) reported for echinoid genera that still live or lived in Mediterranean during the late
Caenozoic. Data are expressed in number of records and relative percentage as reconstructed by OBIS (2021, available at https://obis.org) and
personal data of the first Author (see references and data in Table S4). SSTs are from various sources: NOAA (2002), OBIS (2021) and Pisano et al.
(2020) for the Mediterranean localities. SSTs of taxa that inhabited Mediterranean deep environments are not indicative and were not considered
for the reconstruction of the climatic requirements.

Temperatures/living

e below 0°C 0-5°C 5-10°C 10-15°C 15-20°C 20-25°C 25-30°C TO0T
n. n. n. n. n. n. n. records
records % records % records % records % records % records % records ’

REGULARS

Arbacia = - - 138 529 727 27.89 495 1899 726 27.85 521 19.98 2607

Centrostephanus - - - - - 1150 13.64 6600 78.31 389 4.61 289 3.43 8428

el (eIl CEe : ; : 34 510 23 345 364 5457 101 1514 145 2174 667

waters)

Diadema = - - - - - - 24 0.63 499 13.08 3292 86.29 3815

Echinus - 6 0.002 2566 0.94 24594 90.55 71 - 44 - - - 27281

Eucidaris = = = = = = = - - 440 20.55 1701 79.50 2141

Genocidaris = - - - - - - 87 17.43 89 17.83 323 64.73 499

Gracilechinus - 418 8.86 143 0.30 3145 66.67 876 18.57 67 0.14 68 0.14 4717

Histocidaris {deeptaxon ) 45 : 19 55 72 2093 8 2442 51 1482 117 3401 344

in Mediterranean)

Paracentrotus - - - - - 101 0.45 1841 82.74 283 12.72 - - 2225

Prionocidaris = = = = - - - - - 455 36.87 779 63.13 1234

Psammechinus - - - 188 0.17 10563 95.11 343 0.31 12 0.01 - - 11106

Sphaerechinus = - - 16 042 242 6436 106 28.19 12 0.32 - - 376

Stylocidaris - - - - - - - 100 0.87 270 23.62 773 67.63 1143

Tripneustes = = - = = = = 31 0.13 515 20.98 1909 77.76 2455




IRREGULARS

Brissopsis - - 45 0.10 3139 68.18 421 9.14 197 4.28 802 17.42 4604
Brissus - - - - 4 1.08 115 31.16 61 16.53 189 51.22 369
Clypeaster - - - - - - 106 4.75 589 26.38 1538 68.87 2233
Echinocardium 47 0.18 - - 338 1.28 23921 90.99 1843 7.01 140 0.53 26289
Echinocyamus - - 401 2.05 17578 89.87 501 2.56 263 1.34 816 4.17 19559
Echinolampas = = = = = = S = 40 13.89 248 86.11 288
Echinoneus = = = = = - - - 86 28.20 219 71.80 305
Granopatagus - - - - - - 24 85.71 3 10.71 1 3.58 28
Holanthus (deep taxon in 20 985 3 148 104 5123 29 1428 14 690 33 1626 203
Mediterranean)

Hypsoclypus (as

Conolampas in OBIS, - - - - - - - - - - 55 100 55
2021)

Neolampas - - - - - - 4 17.39 3 13.04 16 69.56 23
Ova - - - - 2 0.73 222 81.32 49 17.95 - - 273
Plagiobrissus - - - - - - 36 31.86 76  67.26 1 0.88 113
Schizaster (deep taxon in - - 8 208 42 1094 95 2474 91 2370 148 3854 384
Mediterranean)

Spatangus 16 0.58 94 3.42 1879 68.33 690 25.09 71 2.58 - - 2750
TOT records 507 3655 63703 37186 7339 14123 126514

REFERENCES for sea surface temperatures:

Pisano, A., Marullo, S., Artale, V., Falcini, F., Yang, C., Leonelli, F.E., Santoleri, R. and Buongiorno Nardelli, B. 2020. New evidence of
Mediterranean climate change and variability from sea surface temperature observations. Remote Sensing, 12(1), 132; doi:10.3390/rs12010132
NOAA, National Weather Service (2002). Annual mean sea surface temperature (C°): 1971-2000.
https://www.cpc.ncep.noaa.gov/products/precip/realtime/clim/annual/monthly/annual.sst.html. Accessed on February 2022.

OBIS (Ocean Biodiversity Information System) 2021. Accessed through: https://obis.org (March, 2021)




Table S4. List of echinoid genera discussed in the main text and their respective extant species with localities and average annual sea surface
temperatures (SSTs). Localities and number of specimens are from literature and personal observations of the first Author. SSTs are from Pisano et

al. (2020) and NOAA (2002), respectively for Mediterranean and outside the Mediterranean.

REGULAR ECHINOIDS

Genus Species Localities References speNcir::];ns S(;S c':l')s

Arbacia Gray, 1835 A. lixula (Linnaeus, 1758) Aegean Sea (Greece) Koukouras et al. (2007) 115 15-20
Calafuria (Italy) This study 20 15-20

Elba Is.(Italy) This study 23 15-20

Capraia Is. (Italy) This study 17 15-20

S. Andrea, Otranto (Italy) This study 7 15-20

Favignana Is. (Italy) This study 55 15-20

Pantelleria Is. (Italy) This study 14 15-20

Capo Malfatano, Sardinia (Italy) This study 23 15-20

Su Pallosu, Sardinia (Italy) This study 18 15-20

Castelsardo, Sardinia (Italy) This study 11 15-20

Peljesac (Croatia) This study 14 15-20

Gozo Is. (Malta) This study 15 15-20

Monastir (Tunisia) This study 15 15-20

Boavista (Cape Verde) Wangensteen et al. (2021) 27 20-25

Los Gigantes (Macaronesia, Wangensteen et al. (2021) 24 20-25

Spain) Wangensteen et al. (2021) 20 20-25

Itapu (Brasil) Wangensteen et al. (2021) 15 20-25

Cabo Frio (Brasil) Wangensteen et al. (2021) 24 20-25

Tenerife, Canary Is. (Spain) Wangensteen et al. (2021) 24 20-25

Faial-Pico, Azores Is. (Portugal) Wangensteen et al. (2021) 24 20-25

entrostephanus Peters, . longispinus (Philippi, egean Sea (Greece oukouras et al. -

Centrosteph P 1855 C. longisp (Philippi, 1845) Aegean Sea (G ) Kouk tal. (2007) 3 15-20
Minorca Is. (Spain) Templado and Moreno (1996) 19 15-20

Majorca Is. (Spain) Templado and Moreno (1996) 11 15-20

Formentera Is. (Spain) Templado and Moreno (1996) 15-20

Alicante (Spain) Templado and Moreno (1996) 1 15-20

Cabo Cope (Spain) Templado and Moreno (1996) 15-20
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. antillarum Mortensen, 1909
. mexicanum A. Agassiz, 1863
. savignyi (Audouin, 1809)

. setosum (Leske, 1778)

. esculentus Linnaeus, 1758
. gilchristi Bell, 1904
. melo Olivi, 1792

clavati Mortensen, 1928
metularia (Lamarck, 1816)

1846)

G.

maculata Agassiz, 1869

Terreros Is., Almeria (Spain)
Los Escullos, Almeria (Spain)
Bahia de Almeria (Spain)
Balerma (Spain)

La Herradura, Granada (Spain)
Alboran Is. (Spain)
Calaburras, Malaga (Spain)
Chafarinas Is. (Spain)
Marmara Sea (Turkey)
Aegean Sea (Turkey)

Levant Sea (Turkey)

Aegean Sea (Greece)
Marmara Sea (Turkey)
Aegean Sea (Turkey)

Levant Sea (Turkey)
Pantelleria Is. (Italy)

Circeo (Italy)

Ascension Is.

Panama (Atlantic coast)
South Africa

Levant Sea (Turkey)

Agqaba (Jordan)

Giftun Is., Hurgada (Egypt)
Eriyadu Is. (Maldives)
Greenland and Iceland

South Africa

Aegean Sea (Greece)
Aegean Sea (Turkey)

Capo Teulada, Sardinia (Italy)
Ascension Is.

Agaba (Jordan)

Panama (Atlantic coast)

Aegean Sea (Greece)
Aegean Sea (Turkey)

Templado and Moreno (1996)
Templado and Moreno (1996)
Templado and Moreno (1996)
Templado and Moreno (1996)
Templado and Moreno (1996)
Templado and Moreno (1996)
Templado and Moreno (1996)
Templado and Moreno (1996)
Oztoprak et al. (2014)
Oztoprak et al. (2014)
Oztoprak et al. (2014)
Koukouras et al. (2007)
Oztoprak et al. (2014)
Oztoprak et al. (2014)
Oztoprak et al. (2014)

This study

This study

Pawson (1978)

Lessios (2005)

Filander and Griffith (2017)
Oztoprak et al. (2014)

This study

This study

This study

Mortensen (1903)

Filander and Griffith (2017)
Koukouras et al. (2007)
Oztoprak et al. (2014)

This study

Pawson (1978)

This study

Lessios (2005)

Koukouras et al. (2007)
Oztoprak et al. (2014)

15-20
15-20
15-20
15-20
15-20
15-20
15-20
15-20
15-20
15-20
20-25
15-20
15-20
15-20
20-25
15-20
15-20
25-30
25-30
20-25
20-25
20-25
20-25
25-30
0-5
20-25
15-20
15-20
15-20
25-30
20-25
25-30

15-20
15-20



Gracilechinus Fell & Pawson, 1965 G. acutus (Lamarck, 1816)

Paracentrotus Mortensen, 1903

Prionocidaris Agassiz, 1863

G. affinis (Mortensen, 1903)

G. alexandri

(Danielssen & Koren, 1883)

G. elegans Duben & Koren 1844
P. lividus (Lamarck, 1816)

P. australis (Ramsay, 1855)

Marmara Sea (Turkey)
Capraia Is. (Italy)

Elba Is. (Italy)

Aci Castello, Sicily (Italy)
Favignana Is. (Italy)
Pantelleria Is. (Italy)
Aegean Sea (Greece)
Greenland and Iceland
Aegean Sea (Turkey)
Marmara Sea (Turkey)
Elba Is. (Italy)

Capo Teulada, Sardinia (Italy)
Pantelleria Is. (Italy)
Savona (Italy)

Greenland and Iceland
Greenland and Iceland

Greenland and Iceland
Aegean Sea (Greece)

Elba Is. (Italy)

Capraia Is. (Italy)

Santa Marinella (Italy)
Palmaria Is. (Italy)

S. Andrea, Otranto (Italy)
Favignana Is. (Italy)
Pantelleria Is. (Italy)

Capo Malfatano, Sardinia (Italy)
Su Pallosu, Sardinia (Italy)
Castelsardo, Sardinia (Italy)
Peljesac (Croatia)

Gozo Is. (Malta)

Monastir (Tunisia)

Milos Is. (Greece)

NE Creta Is. (Greece)
Nuova Caledonia

Oztoprak et al. (2014)
This study

This study

This study

This study

This study

Koukouras et al. (2007)
Mortensen (1903)
Oztoprak et al. (2014)
Oztoprak et al. (2014)
This study

This study

This study

This study

Mortensen (1903)
Mortensen (1903)

Mortensen (1903)
Koukouras et al. (2007)
This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

Guille et al. (1986)

285

12
331
56
22
17
61
17
194
21
78
111
19
47
35
75

46

15-20
15-20
15-20
15-20
15-20
15-20
15-20
0-5
15-20
15-20
15-20
15-20
15-20
15-20
0-5
0-5

15-20
15-20
15-20
15-20
15-20
15-20
15-20
15-20
15-20
15-20
15-20
15-20
15-20
15-20
15-20
15-20
25-30



Psammechinus Agassiz, 1846

Sphaerechinus Desor, 1856

Stylocidaris Mortensen, 1909

Tripneustes Agassiz, 1841

P. baculosa(Lamarck, 1816)
P. pistillaris (Lamarck, 1816)

P. microtuberculatus (Blainville,
1825)

S. granularis (Lamarck, 1816)

S. affinis (Philippi, 1845)

S. cingulata Mortensen, 1932
T. depressus A. Agassiz, 1863
T. gratilla (Linneus, 1758)

Suez Gulf (Egypt)

Agqaba (Jordan)

South Africa, Eastern coast
Northern Tyrrhenian Sea (Italy)
SW Portugal

Aegean Sea (Greece)
Marmara Sea (Turkey)
Aegean Sea (Turkey)
Levant Sea (Turkey)
Orbetello (Italy)

Aegean Sea (Greece)
Marmara Sea (Turkey)
Aegean Sea (Turkey)
Levant Sea (Turkey)
Peljesac (Croatia)
Palmaria and Tino Is. (Italy)
Calafuria (Italy)
Pantelleria Is. (Italy)
Aegean Sea (Greece)
Aegean Sea (Turkey)
Marmara Sea (Turkey)
Levant Sea (Turkey)
Pantelleria Is. (Italy)

South Africa

Panama, Atlantic coast
South Africa

Gulf of Mannar (India)
Praslin Is. (Seychelles)

Dolfus and Roman (1981)
This study

Filander and Griffith (2017)
Borri et al. (1990)

Cunha and Cancela (1999)
Koukouras et al. (2007)
Oztoprak et al. (2014)
Oztoprak et al. (2014)
Oztoprak et al. (2014)

This study

Koukouras et al. (2007)
Oztoprak et al. (2014)
Oztoprak et al. (2014)
Oztoprak et al. (2014)

This study

This study

This study

This study

Koukouras et al. (2007)
Oztoprak et al. (2014)
Oztoprak et al. (2014)
Oztoprak et al. (2014)

This study

Filander and Griffith (2017)
Lessios (2005)

Filander and Griffith (2017)
Venkatyraman et al. (2013)
This study

Mahe Is., Anse Royal (Seychelles) This study
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20-25
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IRREGULAR ECHINOIDS

Genus Species Localities References N. a1 SSIS

specimens  (C°)

B. atlantica Mortensen, 1913 SW Portugal Cunha and Cancela (1999) 41 15-20

Aegean Sea (Greece) Koukouras et al. (2007) 1 15-20

Brissopsis L. Agassiz, 1840 Aegean Sea (Turkey) Oztoprak et al. (2014) 17 15-20
B. lyrifera (Forbes, 1841) Aegean Sea (Greece) Koukouras et al. (2007) 4 15-20

Northern Tyrrhenian Sea (Italy) Borri et al. (1990) 6 15-20

B. lyrifera capensis Mortensen, 1907 South Africa Filander and Griftfith (2017) 35 20-25

B. pacifica A. Agassiz, 1898) Gulf of California Caso (1983) 24 20-25

B. latecarinatus (Leske, 1778) Gulf of California Caso (1983) 4 20-25

Gulf of Mannar (India) Venkatyraman et al. (2013) 9 25-30

Brissus Gray, 1825 Aqaba (Jordan) This study 2 20-25
B. unicolor (Leske, 1778) Aegean Sea (Greece) Koukouras et al. (2007) 20 15-20



Clypeaster Lamarck, 1801

Echinocardium Gray, 1825

OO0

E.

. eurychorius Clark, 1925
. fervens Koehler, 1922
. humilis (Leske, 1778)

. rarispinus De Meijere, 1903

. reticulates (Linnaeus, 1758)

cordatum (Pennant, 1777)

. fenauxi Péquignat, 1963
. flavescens (Miiller, 1776)

. mediterraneum (Forbes, 1844)

Marmara Sea (Turkey)
Aegean Sea (Turkey)

Nora, Sardinia (Italy)

Su Pallosu, Sinis, Sardinia (Italy)
Correnti Is., Sicily (Italy)
South Africa

South Africa

Suez Gulf (Egypt)

Gulf of Mannar (India)

Isole Giftun, Hurgada (Egypt)
Praslin Is. (Seychelles)
Agaba (Jordan)

Suez Gulf (Egypt)

South Africa

Gulf of Mannar (India)

Suez Gulf (Egypt)

Gulf of Mannar (India)
Aqgaba (Jordan)

Giftun Is., Hurgada (Egypt)
Aegean Sea (Greece)

South Africa

Tyrrhenian coast, Tuscany (Italy)
Orbetello (Italy)

Porto Cesareo (Italy)

SW Portugal

Greenland and Iceland

SW Portugal

Aegean Sea (Greece)
Marmara Sea (Turkey)
Aegean Sea (Turkey)

Oztoprak et al. (2014)
Oztoprak et al. (2014)
This study
This study
This study

Filander and Griffith (2017)
Filander and Griftfith (2017)
Dolfus and Roman (1981)
Venkatyraman et al. (2013)
This study

This study

This study

Dolfus and Roman (1981)
Filander and Griftfith (2017)
Venkatyraman et al. (2013)
Dolfus and Roman (1981)
Venkatyraman et al. (2013)
This study

This study

Koukouras et al. (2007)
Filander and Griffith (2017)
This study

This study

This study

Cunha and Cancela (1999)
Mortensen (1907)

Cunha and Cancela (1999)
Koukouras et al. (2007)
Oztoprak et al., 2014
Oztoprak et al., 2014
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15-20
15-20
15-20
0-5
15-20
15-20
15-20
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Echinocyamus Phelsum, 1774

Echinolampas Gray, 1825

Echinoneus Leske, 1778

Granopatagus Lambert, 1915

Holanthus Lambert & Thiéry,

1924
Neolampas A. Agassiz, 1869

E. mortenseni Thiéry, 1909

. pennatifidum Norman, 1892
. elegans Mazzetti, 1893
. pusillus (Muller, 1776)

mmm

. scaber De Meijere, 1903
. alexandri De Loriol, 1876
. crassa (Bell, 1880)

. ovata (Leske, 1778)

. cyclostomus Leske, 1778

mimimimm

G. paucituberculatus
(Agassiz & Clark, 1907)

G. subinermis (Mortensen, 1913)

H. expergitus (Lovén, 1871)

Neolampas costellata A. Agassiz,
1869

Tyrrhenian coast, Tuscany (Italy)
Grado (Italy)

SW Portugal

Pantelleria Is. (Italy)

SW Portugal

South Africa

Aegean Sea (Greece)
Black Sea (Turkey)
Marmara Sea (Turkey)
Aegean Sea (Turkey)
Levantine Sea (Turkey)
Pantelleria Is. (Italy)
Favignana [s. (Italy)

South Africa

Suez Gulf (Egypt)

South Africa

Gulf of Mannar (India)
South Africa

Ascension Is.

Aqgaba (Jordan)

Giftun Is., Hurgada (Egypt)
Mabhe Is. (Seychelles)
Philippines Is.

Hawaiian Is.

Hawaiian Is.

Juan Fernandez Is. (Chile)
Victoria (Australia)

Napoli (Italy)

Genova (Italy)

Northern Tyrrhenian Sea (Italy)
Aegean Sea (Turkey)
Greenland and Iceland
Aegean Sea (Greece)
Northern Tyrrhenian Sea (Italy)

This study

This study

Cunha and Cancela (1999)
This study

Cunha and Cancela (1999)
Filander and Griftfith (2017)
Koukouras et al. (2007)
Oztoprak et al. (2014)
Oztoprak et al. (2014)
Oztoprak et al. (2014)
Oztoprak et al. (2014)

This study

This study

Filander and Griffith (2017)
Dolfus and Roman (1981)
Filander and Griffith (2017)
Venkatyraman et al. (2013)
Filander and Griffith (2017)
Pawson (1978)

This study

This study

This study

Noordenburg (2008)
Noordenburg (2008)

Baker and Rowe (1990)
Baker and Rowe (1990)
Baker and Rowe (1990)
Tortonese (1965)

Tortonese (1965)

Borri et al. (1990)
Oztoprak et al. (2014)
Mortensen (1907)
Koukouras et al. (2007)
Borri et al. (1990)
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Ova Gray, 1825 O. canalifera (Lamarck, 1816) Aegean Sea (Greece) Koukouras et al. (2007) 10 15-20
Marmara Sea (Turkey) Oztoprak et al. (2014) 5 15-20
Aegean Sea (Turkey) Oztoprak et al. (2014) 17 15-20
Orbetello (Italy) This study 16 15-20
Porto Garibaldi (Italy) This study 9 15-20
Chioggia (Italy) This study 4 15-20
Plagiobrissus Pomel, 1883 P. costae (Gasco, 1876) Napoli (Italy) Tortonese (1965) 2 15-20
Taranto (Italy) Tortonese (1965) 1 15-20
Haifa (Israel) Tortonese (1965) 1 15-20
Aegean Sea (Greece) Koukouras et al. (2007) 1 15-20
Pantelleria Is. (Italy) This study 1 15-20
P. pacificus Clark, 1940 Gulf of California Caso, 1983 18 20-25
Panama, Atlantic coast Lessios, 2005 1 25-30
Schizaster L. Agassiz, 1835 Schizaster lacunosus (Linnaeus, 1758) Nuova Caledonia Guille et al. (1986) 1 25-30
South Africa Filander and Griffith (2017) 11 20-25
Spatangus Gray, 1825 S. californicus Clark, 1917 Gulf of California (Mexico) Caso (1983) 9 20-25
S. capensis Doderlein, 1905 South Africa, south-western coast  Filander and Griffith (2017) 24 20-25
S. purpureus (Muller, 1778) Greenland and Iceland Mortensen (1907) 16 0-5
Northern Tyrrhenian Sea (Italy) Borri et al. (1990) 11 15-20
SW Portugal Cunha and Cancela (1999) 2 15-20
Aegean Sea (Greece) Koukouras et al. (2007) 2 15-20
Marmara Sea (Turkey) Oztoprak et al. (2014) 5 15-20
Aegean Sea (Turkey) Oztoprak et al. (2014) 12 15-20
Levant Sea (Turkey) Oztoprak et al. (2014) 12 20-25
Capo Teulada, Sardinia (Italy) This study 72 15-20
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TABLE S5. Classes of sea surface temperature (SST) requirements showed by still living echinoid
genera accross the Mediterranean late Caenozoic and related plot. The SST classes as from OBIS
(2021) more or less correspond to the following climatic marine zones: subpolar (5-10°C), subtropical-
temperate (10-20°C) and tropical-equatorial(20-30°C). The Late Pleistocene interval has not been
considered because of the scarcity of the palacontological record. Note the remarkable drop of the 20-
30°C class (well represented within the warmer taxa) corresponding to the Piacenzian climatic crisis at
about 3.0 Ma. Also note that single eurithermic taxa normally fall within more than one class and
therefore each climatic class is not necessarely linked to a single taxon. Consequently a single taxon
may count more than one class.

Stratigraphy 5-10°C 10-20°C  20-30°C
Messinian 5 15 18
Zanclean (preNHG) 5 15 18
Piacenzian (pre 3.0 Ma) 6 15 17
Piacenzian (post 3.0 Ma) 5 13 12
Gelasian 5 13 12
Calabrian 6 14 12
Holocene 6 15 12
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